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A bstr a ct
We a nalyzeG M S/VIS S R im agesforbig e ruptio nsin AtlgQSt2000and the NOAA/ÅV H R R
im agesin August and Septe mberto detect也e v olc anic clollds 加 m Miyake･jima. Ftlr血e m ore,
w edis cu ssthe dispersion ofv olc amic clot)ds c oJTeSpOnding to 也e S O2 highc o n cezltra也o n
episodesin M ainlsla nd ofJapanby co mparingthe saLtelliteim ageswi thsim tllatio n restllts ofa
v erticalshe ar m odel.
Keyw wdsI G M S/VISS R, N O A A/A V E R R, v ertlCalshear, plum e, v olc a nicgas
1. ITLtr Odu ctioTI
M iyake-lim avolcano, abo ut160km s outh 丘o m Tokyo･ started eruptiv e activities at the st)mit Oya m a
(8141n)o n8 July2 000. Big eruptio ns w ere rec orded l1 0,1 8and 29 AngtlSt wi 也the altittld6S Ofv olc糾11C
clo uds abo ut8, 15a nd 8 km ,r ¢spec也v ely. Sin ce28 AugtlSt, V OIca nic甲louds andgasto w al
'd MainIsla ndof
JapaJI C atlS edhighc o n c entratio n e v e71tS Of S OL at m anygr Otmdstatio n slOO･400 km lee w ard丘
.
o m Miyake-
jim a. Al thoughbig e ruptio ns w ere n otre corded sin ceSepte mber, a ndpkl m eheights w erel ss也an3000m
abo v ethe se alev el, 血e estlm atedemissio n of S O2in cre as edto 20-30 ktJday 血 cedlemi ddle of Septe mbe L
Sodhe m a nds ot)h･ we sterlywindsbro ught也e v olca nic･gasto 血e M ainIsla nd ofJapan, wherethe s m ells of
sul k and/orHis w ere reported inv ariollSPla ces. Sin ceOctober, gray ash clo uds archardly se en, and die
phm estu n ed otlt tO be white with the heightslessthan1500m abo v ethc se alev ela允erthe mi d dle ofdlat
m oⅡth. ヨo w ever, v e ryhighlev elofgas emissio nhas co 血 ed.
In 也is study, w e a n alyze G ”S/ⅥS S R 血IageSfo rthre ebig e mptio nsin August, and 2 9sce ne s of
N O A A /V HRRim ages during AllgtlSt28 - Septe mber27todete ct the volcardc elotlds fr o mM iyake-lim a,
皿 d als o c o mparewi thother sa士enite 血 ages6ot nd h也slnte m et. Fbrdler m Or6, W edisctlSSthe s atellite
im ages ofvolcmic clollds c orrespo nd ingto thc Sol h1ghco n c er[tratio n episodes r ec ordedinc eIItralpartof
Japan, Augu st 2名 in Kad o ar ea and Septe mber 13-15 inChbu district, by c o mpa血 g thcdispersion of
v olc anic clollds inthe s atellite-im ages and gasin fo mdio ns at the stl一触 ¢ wi 也 the sizm latio n rest]lt ofa
v ertical dlear m odel bas ed o ndie I)PPerwind data.
2. 1nforTn aGo n5 0TLVOIc anic ejects andTn ethods ofa n alyses
Manydetaled in for m atio ns o mthe a cti vitleS Of M iy止e-jim a Ⅶ1c an o areptlblicizcdin v ario us w eb-sites
in the hte m et withalm ost real-tim e and m o stlyin Japan ese. So m e of the m are w ellar chlV ed. T hese
infor m atio ns ar c v eryllCIpfu1 i皿 01∬ an alysis ofthedispersion ofv olc anic eje ctain additio ntO the s atellite
im ages and m ete orolgical data.
左+ 故 地 由
G M S-5 NISSR data with vis ble(V IS)aild the m al infiared(R la nd R2)bands pld ded byJapan
WeatherAss ociation(J W A)a re am alyz ed co n ccming threebig e ruptio n sin A□gust･ G M Sim ages d o ne-hour
idervals are s ultedto se e也etim edevelopm ents ofbigcrupt10 nS･
N O A A/AV E R Rand other s atellite data ofthe v olcanic clo uds a土 M iyake -jim a arelisted in Table 1,
togctherwi也 bbservittion I℃s ults ofv olc anic CIo uds 丑
.
o mhelic opters h Geological S町 Vey Of Japan(G SJ)
ho m epage:http:/ 耶 W .gSj.BO .jp/- yagi/miyake血eliobs.html. Volca nic Clotlds fro m M iyake-jim a w ere
rec ognized asb right objects irlvisible afld n earin b red im ages. Al 也o ughitis dlLEicqlt to dis cri min ate
betw ee nthe v olc anic clotlds a nd m ¢te or ol glCalones bythesegrays caleim ages, their adveclio n shapesfro m
the crater m aybe taken a5 ChleSfor oDr u ndersta nding. Satelliteim agery char acteristic s ofv olc anic clot)ds
for vario usbands aredes cnbed in detai1 inthe refere n ces[1,2], As fbrthedaytim eN O A A/A V 召RRdata, the
falsec olor c oITIPO Site im agesby asigning n(4), n(2) 皿d n(1)to blue, gre en and red c olors arc tlS efu lto
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detect the v olc anic clotlds and discdm 血 the m丘o m m et orol gic alo n es.
h o1汀PreVio ussttldies,dieSPlit-window m e血odtak ingdiedifferen c e ofAV ⅠIR R-4 a nd 5(dT= T(4) -
T(5))w as7ery ｡ s申I for仙e dis cri min 血 n of v olcamic clo uds of Mt. Sakt mjim a and Mt･ Aso from
m eteorol BICalo nestl-3]. T his sdu etothe ash cornpo n e=ts.with emissivibT at12叩n higherthan at11pm ,
andsimi lar respQn S CtOd T is e xpe cted 丘o m也e sd fun c a cidaero solin thedo Ⅵ lStrean [4]. This lnedlOdc an
be applied in m onibringhrge v olcanic e mp血 nbyG M S-5/VISS Rt5】.
N O A A/AV I m R im ages received at Kago shim a Universi吋(K-N)areprovided as a10-bit data･ T he
original dぬ a re c on vd ed hto 16-bitdata where血豆 va血e71(i)of 血e rmalin 鮎 陀dbandicozT eSpO ndsto the
brightn esste mperattlreT(i)in degree scentigrade a sT(i) - -50＋ 0.1 ×n(i),i - 4,5･ OJl the otherha nd, the
data pr ovi ded byHokkaido Umiversity(H-N)is an 8-bitfotm 鵡 thtlST(i) = - X ＋ Y Xll(i), i
- 4, 5, whereX
- 10a nd Y= 0.2, e x c eptfTorthe
*
tr nrked dぬ , where X = 30and Y- 0 3.
h 血旭 Stt)dy, a s a n e xpressioI1 0fthebrighhesste mpe 肋 re di 飽ren c e, w edefhe 也e Aeros ol Va:For
hdex(AV T)as
A
I
V l- z1(5)- n(4)＋Z, forN O A A 仏ⅤⅡR R with Z- 200(K-N)o rlqO(HIN)
A:Vl - n 2- IRl＋ 100,fo rG M SrVIS S R
Tableisatellitedata ofv olcanic clotlds B･om M iyake-jim a. D ir. a nd L dcJI Ote thedlre Ction and length ofa
Ⅵ)1canic clotld, respe ctiv ely. T he data s our ces aredenoted as E, H and I fTor Kagosh皿 a Univ ersity,
Hokk ai do U hlV erSity a nd hte m et w eb-sites, r e spectiv ely. The m ark ＋ den otesthe c as ethatphlm eflo w
e xc eed d theim age sce ne. T he Jn ark-den otesthe cas eswitb utslgn ala nd n o c oJT n e nt. T he observ atio n
resdts ofv olcanic clo11ds 丘o mhelicopters al ¢al$ 01isted 丘o m G SJho m epage.
2000 JST Sat. Dip. L(km) So urc e
n ll E A n J A＋1Jl n lfヽ v JIE亡 月 niJ- I_1rL I J^見 fr r L m F Ihl≒lir.r) T YrFL r
herdltくm)
gh上IV と 丘 ■ gLA V Jtl
c olc r adv o Gtl O ndlI,. c o m rT1 8 nt
8/28
4:3 9 N O A ^- 1 4 H
5:51 N O A A-1 2 N W 4 9 K
9:5 4 La nd8 at-5 N W- N 1 8 8 I
1 2:O O Se aW i F S N N W- N E 31 2 I
1 7:0 7 N O A A-1 2 NI N E 1 7 9 K
8/29
4 27 N O A 人-1 4 Er uこlt. H
5 2 8 N O A A112 N E 18 H*
7 5 9 N O A A-1 5 N E 4 8 K
1 0 4 2 A S T E R N- N E 5 4 I
12 O O SeaW i F S N- E 30 0＋ I
1 ら5 1 N OAA-14 N- E 2 8 0 H♯
1 6 4 8 N O ^A- 1 2 N- E 21 8 K
9/3 ll 01･A S T E R W 38十 I
9 / 6 1 7:0 3 NO A^ -1 2 N E 58 K
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9/a
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2200 dark qay N
1 之3 N O A A-14 NI N N E 之1 5 H
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9/1O
15:l l ”(〕A A-1 4 ”- N N E 15 2 H
1 7:1 N O A A-1 2 N N E 7 7 K 2 2 0 0 dark Era V N
9/12
5:0 9 N O A A-1 2 N N E 3 1 ”
1700 white N - NNE Ash
1 6:2 丁 N O A A-1 2･ N E 58 K
9/13
53 N O A A-1 4 N N W 3 2 H
1 9 0 0 white
5 4 LA rlds at-5 W- ･ W 8 8 【
9/14
42 N O A A-1 4 N W 25 H
0 5 N O A A-12 N W 舵 K
1 05 N O Å入-14 N W 1 85 ”
9/15
30 N O AA -14 H
2 500 white W-WN W42 N O A A-1 2 W N W l l K
1 5 3 N O A AJ1 4 N- W 2 3 9 H
9/18
35 N O A A11 2 N N E 77＋ K
15OO
wh ite -
white w ay
E A8h
1 2 8 S P O T-1 N E 1 7＋ Ⅰ
9 / 2 1 1 5 1 N O Å入11 2 S S W 1 9 2 K 2 D O O white S E
9/22 l 20 S P O T- 2 W l o† I
9 / 2 4 1 5 3 N O A A-1 2‾ E SS 19 K
9/25 14 N O A A-1 2 E 6 5 K 1 8 08 wh 托e E-ES E
9 /26 1 08 NOA A- 1 之 SE 115 K
9/27 10:2 4 S P O T-2 E 1 0十 I 2500
wh ite -
white J:r a y
uppB rlhyO r:S W
lo1〟●YhyEIr:SE
Ash
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L ÅN D SA T and SP O Tim ag¢s o n M iyake-jim a arefo und in N A S D A- E O C ho m epage:
h廿p:〟v w w･6 0 C･na Sda .go.jp/gtlid8仙)pie s/Jle W S/ miyake/ miyakejla ndJ.htnL A ST ERim ages ar¢displayd h
ERS D AC .ho m e page at htq]:〟w v耽gds･aster･e 柑dac･or･jp/gds_ w w w2000/gauery_ e/im age+niyake_ d
s et_im age _ miyake _ e血血1･ Se aW iF S im ages c anbe s ee nj N A S A ho m epage ath廿p://vi*ble earth.n as a.go v/
sensors/ Orb Vie w-2/SeaWiF S.html.
2 幽 由1 135E 138E. .41E
Upp6r air data by m ea ns of radio-sonde 38N
m e a stJr e r n e ntS are Obtain ed at obs e mtio npoints
intlStratedin Fig.I. h addito n, s u rLTac e w eadlCr
血arts ar e als o co n sidered.
To in v estlgate the adv e ctio n and dispersio n
ofv olc a nic clo uds aLldgas c orrespo ndingto S ol
highc on c entratio n epis odesin Ka nto are a and
c hlbq dlSbict in conjun ction widl S ate11ite 38N
l m ag色S, W e Sim date the dispersio n of v olca m c
clo uds based orl a 5irrlPIc v ertic al shear n氾del
(VSM)usiJlgtlPPer Wind di[ta[2]. h dlis study,
w6 a S5 um ethatdie V OIca nic gasbehav es almost
together with v olca nic clo uds, O n 血e bas es of
previo us an alysis ofSaktq ajim a v olc an o【1】. 3 4 N
As sho w nin Fig･ 1. 也e near est station of
upper air obser v atio n is Hachijojim a. We
cohfir m ed thEt the wind field ar otlnd M iyake-
Jlm ais w ellappro xim ated by the Hachijojim a-
windsin m ost cas es, bas ed o n也e adv ect10 n Of
volc amic clolds s ee nin the s出elliteim agesand
grotllld1 0bs e rv atio ninform ations. Fo r simplicity,
w e a s s u m ¢tha:t the wind field is uniform a:t
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Fig. 1 0 bse Ⅳ atio npoiⅡts oftlPPCr airin c印 加1partof
Japan, den oted asa: Haln a m a:tS u, J: HachijoJ
'
im a, ち:
Sio n omisakl
,
T:Tateno and W Wajim a,
c e rtalnheight a nd tim e, atld w e tlSC O nlythe wind data of甘achljojim a obs er ved at six -hotF ht8 rvals d
standardpresstu elevels, 92 5, 900,850, 800and700 hPa which c orrespo ndtotheal6tudes abot)I790, 1000,
1500, 2000and 3100m , r e sp6年∇ely･ We rq st 酢tthe tlPPCr- winddぬ setin height 池dtlme at inter vals of
10 hPa and o n ehotw, r espectiv ely by the line arinterpolatio n for wind speeds and drrc ctlO nS. h die
izTterPOlatio n, w e cho os ethe wind dire ctio ns sothatthe v ariatio ns n ev er ex ce ed 18 0 degre es.
We c alculaLte the loc atio n s of dim en sio nless, w eightlessparticles at1-ho urincre m eJltS a触r they are
r eleas ed into the a:tm osphere at spe cifiedpress ure- al也ttldes abo v ethe v olcano. The m odel
'
sidealparticles
re m ainat the irutialpr essure -al也tudes which are rele ased. Emissio n rate ofparticlesis assT n edto be
c on starlfor a c ertaln血 e inte rv al
,
a nd 也epositio ns ofthe m ata certain tim e aredisplayedc Q q C5PO ndingto
the satelliteim ages ofv olc anic clollds . ■
2 i.jiQIBQnGSdzd n E ndj2dx Lh hzn u h
T he estim a:tes oftotal S O2 e missio nbydie COrrehtio n spedro m et r(C O SP E C)da:ta are sho Ⅵ 1in the
ho m epages of G SJad Japa n M ete or olgic al Agen cy: hq):/w w w,gsj.gojp/-imiyagi/ Works/Everlt/
Mlyake2000/ge ol/0 00916cospe c/a nd http://w w w .kishotl･gO･jp/miyake/jyotlkyo/11I6･pdf,I6 SpCCtiv ely･
T he o n e-ho Ⅶr valu es Of S O 2c on c entrationin Tokyo w erePr ovided by
r
rokyo Metropolih n Go v ern m eIIt,
a s a nalyzed indetailsin[6].
0 therinfo- a:tioru
,
s u ch as v olc anic a cti vites andphl m ePhotos are collected 舟o mIⅡte m etn e w s and
rehted ho m epages. Especially, the reports of habitants abo qt也e sm ells of His and/orS OB are Obtainedvia
hte metB B S:htq)://w w w.jab.n e.jp/ % 7 Echni/c a mp/n ag3ya.Cgi?r o o m- 005･
3. Resdts aTLd dis ctLSSioTLS
ヱ:+ 地 1皿血
G MS N ISS R im agc5fo r 触 cbig eruption sin Augu st w ere aJl lyzed･ Al thollghspatial distr butio ns of
the m are r gtherli mited
,
they c anbe s ee ni A VI im ages. We wi ll disctB Bthe obser va也o ntim e ofe achs cen e
based on也e 血 en am etim e accordlngtOJW A. Asforthe e ruptio n at6:3 0o nAugu st1 0,the e rupt10n Clouds
- 1 5-
are
.
s e e n a B S r nal l butb right clea r oQ)
'
e cts with lin e arshapein 9 and10JST 血ages･ T he dispersio n oftim e
d
s e n e s of牡e e ruptio n clotLd.a触 r the e ruption at1 7:02o nAngust18 can be s eendnring･18･24 JS T im age,
tho ughthe v olc anic clotlds w ere m crgedwi thm eteo rolgical ones. h thes eim ages, tw odirectio nal 且o w s
to w ard N WandS Ea re rcc ogni2X!d, andthisbehavioris explain ed w ellbytheP U FF Modelsim t11血on res ult
in hqp://w w w.ge e.ts 血 ba.a c.jp/LtaD akaJt狐 aka/mO818b.ht血 A 允erdie e ruptio n at 4:35o nAtLgtl如 29, the
ejected clotlds w eredete cted wi th bo血 A Ⅵ im ages of dieG M S/V IS S RandN O A/A V E R R･ h the G M S
im ages,itcanbe se endu ring6-10 JST with wi de spread form .
h Table1
,
all alyzcdresults of thelengdl a nd dl 代血 om ofv olca nicplum es areals olisted･ A partofthe
im ages are r epo rted in(7]illdetails. AVIim ages ca ndetectdie e ruption clotlds and the phl m eS C O nta血inB
gray･ c olorcd ash significa ntly. On the o血erhand, 励lite- c olored vdc anic clo uds, foriltStaLICe On SeptetT)ber
14-15, w e re dlfrlC ult to be s en in A Ⅵ im ages, dlO tlgh it ca nbe detected easilyby singleband im ages of
A Ⅵ 弧 1and2. h thedaytim eim ages,the 血1se c olor compositeilTlageby assigning n(4), n(2) andn(1)to
blu e, green andred colors戸u sefu L hs u ch im ages, m cteo rolgicalclotlds athighaldtudes aredlSPlayed in
yello w c ol r, while v olcar nc clotldste ndto bec o m e m agenta c olored. We m ay 細 ributethe difrlCtlty of the
detection ofv olcanic clotldsbyA Ⅵ iI 皿geStO the followingreas on s:(i)Plqfn es ej cted 丘o m M iyake-lim a
v olcan o sinc edle mi d dle of Septe mber w ere co ntaining less silicatesthan fro mSakurajim a and Aso
volc an oes.(ii)
r
aelarge a m otLntS Ofw Eter V aporin su m m er abov ethe v olca nic Clollds c an c el dieAV Isignal
ofthe ejecta.
ヱ=乙 蝉
3-2 1 , August 28
Fig.2(a)sho w s acompositeim age of N O A A-12at17:07o n28AllBuSt2000. a nd Fig･2(b)illusbTateS a
c o u espo ndlngV S Msh da血 n･ m i§ sim ulatio nre sdtreprodt)ces w el the upstrea m ofthepln Ⅱle, While the
do wn str6aln O v erdiela ndarenot w ellreprodu c ed sin c edi e adv ectio n n earthe sdrfac ebythe se abree ze 耳nd
thetopogra:phicaleqectare n otimple n e nted inn odel･ On dllSday, the S olhlghc o n ce ntratio∫1 Valu es at the
Surface werereported allov er KaI血 訂 ea 和Ch asTokyo, KaJngaW a, S hi2 n Oka, S aita m aand Gt m ainthe
d%y 血 c, a s sho w nin Atm ospheric En viro - erlta Regional O bs e rv atio nSyste m(A E R O S)I The m a x血 um
values were recorded dnrillg 12:00-14:00. ThlS m ay be dlletO the c o n v e ctio n mixlng dev eloped in the
daytim eto pdl do w n也e gasin the phm ein die llp per air to the std ace･ Ⅵ1edistribtltion ofthese high
c o n cezttratio npoints c orr e sponds W ellto the dispersio n ofv olca nic clot)ds de m o nstrated in the satellite
im ages.a ndto dlCdetailed sim lhtio n ofthe co n v ectio n mixing bythe S P E EDI ofJapa】1 A 土omic Energy
Rese arch bBtib te:http:// ” .jaeri.go.jp/gcnke nFpress/000907kaD/inde 又血 ml.
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Fig. 3 Sim tllatioll reStllt a土 925-700 hPafわr die
ejectio n血 血 g3-20 JSTo nI3September2000
Fig. 4 Ac o mposite im age of N O A Å･14 at15:53
o n15 Septe mber2000
3-2-21 Septe mbe r13-1 5
h these days, SOヱ highcon centratio n rec ords 丘･om v ario us station s w ere repo td in C hlbu distdct.
Volca nic clotlds no wingto w ard N W du eto the wind arotlndtypho o n stagn a也nBin s otlh- WeStem direction
are se e nin saptellitcim ages･ Fill 3 ilhs也testhe sim ulatio n rcstlltat9251700 hPaforthe ejcetio ndt)血 g3-20
h, o n Septe mber13 which is similar to 也e P U F F Model sim ula[tio n at thc Univ ersity of Tsuh ba:
■
http://” .ge o･t 血 ba.ac･jp/ 佃 止a/tan aka/mO913a.hhl. We m ayinferthat也e highco n ce n:tratio n ev e nts
at Nagan o c atlSedbydiePlu m eflowed atdlealtibde of2000-3000m wi 血c oli皿 ated win ds, a ndi土is
t mdersto od that the s m ells ofsd fur and/orIちSin thc n orthe m-part of Kinkiandth8highG On C erltratLOJI
valu es obs e rv ed at nightin Kyoto w eredtletO 也e dispersio n o wingto thelarge Verticalwind shear at the
altittldesless也an2000m . Simi lar rest)hs ofdle Sim tlladon ands atelliteimages areobtainedthe n e xtday1
0n the otherha nd, a c o mpo site A Vf R R im age at15:53o nSepte mber 15 show nirkFig.4 in dic atesthe
long･ rangc adv ectio n ofv olc anic clo Ⅶd re ached to the Sea of Japan, which is in acc ord wi dlthe high
c o ncentratio n valu es obs en,eda:t the bothsides ofc entral m o 血 lsin M miIslalld,i, e., GifuandF 血 i,
and als owi th the s血 htio n r esdt.
4･ Co n cltldingre m zuks
We ha v ea 皿Iy2Z:d G M S/V IS S R im ages for thre e big e mptio nsin August a nd 29s cen es of
N O A A/A V H R R im agesdu ring AllgtlSt28- Septe mber27to dete ct the v olc anic clotlds fro mM iyake
-jim a.
Fulthe - ore
,
w ehav edlSCtlSSed the satellite.im ages of v olc anic clot)ds c orrespondillg
tO the S ol high
co nc entrat10 n eV eⅡtS rec orded in cer[t alparts ofJapan, Angu st28in Kanto area and September 13
-1 5in
C h bu dlStn Ct, a nd dleSeV S Msim ulado n stodescribe 也edispersio n of the m. T he rcs ult5 are Sll Ⅲ m m Zedas
fTollo w s:
(1)The e ruptio n Clo uds a ndashplu m e s如rnMlyake -jim a v olc an o w eredete cted in A Ⅵim ages.
(2)As 6D rthe white plum eS･ the fds ec olor compositeim age by asslgning n(4), n(2) and n(1)to bluel
gre e n a ndred colorsis v eryu se血1. rtis possibletodis cn minaLtebetw e enthe volc anic clot)ds andthe
m ete orologlCa16n esbycolorton es.
(3)T he dispersion of volcanic clot'ds correspo nd ingto thc disbibution of the S O2 hghc on ce ntradoII
poiHtS are u ndersto od by m e an s ofa s 皿ple v ertic al 血ear m odel based o nthe I)pper wind data of
Hachijojim aL
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HereletlユS m ake afe w re m arks o nre maimizlg Pmble m s.
(a)hste ad of 也e tmifo mity oftp pcrwind 鮎Id, spatial interpol 血o n of w h dsin aV S Msho uld be
e 仇 Sidcr6d. h o 町 Pr由 ot)s stdy[2], the sil血l血 on res ults ofv olca nic clo uds 舟o mSakurajim awi dl
･aloqg血 gB adv ec6o nto Ⅵrd n or也 sho wnin N OAA im ages w ere r epr odu c ed w ellby m e an s ofan
extc nded VSM'dutperfo Ⅱn edspatialinterpolatio n of the up perwind data betw een Kago sbim a and
Fb boka.
O) h this sbdy, w e a ss t m ed that the v olcanic gasbehav esalm ost together with plⅦm es･ This
asst mp也o nwi 11 be chuled bythedire ctdetection of SolusingA S T E Rs ens o r(8】･
(c)_Highlight sce n es of s a
te他 e im ages of this Sttldy aredisplayed in o urho m epage:
hq)://w w w.m e cL kagoshlm a-tl.a C･jp/lab/n etu/h iyakeOO8/miyakeづ ･htm .
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